Objective To elucidate the impact of co-occurring dysarthria and aphasia on functional recovery in post-stroke patients. Methods The medical records, including results of primary screening tests and secondary definite examinations for language problems, of 130 patients admitted to our institute's Department of Rehabilitation Medicine were retrospectively reviewed. Functional outcomes were assessed longitudinally using the Functional Ambulation Category (FAC), Mini-Mental State Examination-Korean version (MMSE-K), European Quality of Life-5 Dimensions 3-Level version (EQ-5D-3L), the Korean version of the Modified Barthel index (K-MBI), and Motricity Index (MI) of the hemiplegic side. Results Patients were classified into four groups regarding language function: aphasia only (group A, n=9), dysarthria only (group D, n=12), aphasia and dysarthria (group AD, n=46), and none (group N, n=55). The initial functional outcome scores in the group AD were significantly poor compared to those of the groups N and A. Within groups, there were significant improvements in all outcome measurements in the groups AD and N. A between-group analysis revealed significant improvements in K-MBI for the group AD after adjusting for the initial severity and patient's age compared to other groups. Conclusion Post-stroke patients suffering from aphasia with dysarthria showed significantly lower initial functional level and relatively wide range of recovery potential in activities of daily living compared to patients without language problems.
INTRODUCTION
Language and speech problems, particularly aphasia and dysarthria, are very common in post-stroke patients. Aphasia refers to a disturbance in verbal communication, the production or understanding of speech, and the ability to read or write due to brain injury, and it is usually secondary to stroke of a left hemispheric lesion [1] . Dysarthria is a motor speech disorder that is often characterized by slurred, slow, weak, imprecise, or uncoordinated speech [2] .
Aphasia can not only affect the communication skills and social participation of post-stroke aphasia patients [3] , it can also become a stressful burden on caregivers who have the responsibility of caring for aphasic stroke survivors [4] . Dysarthria is also related to physiological functional deterioration, poor self-identity, social and emotional disruptions, and feelings of stigmatization [5] . As a result, both aphasia and dysarthria may influence post-stroke functional recovery and clinical outcomes.
The fact that post-stroke patients often experience a co-occurrence of dysarthria and aphasia highlights the need to consider both conditions when conducting patient evaluations. Trapl et al. [6] reported that 10% of their acute stroke patients had both dysarthria and aphasia; while Ali et al. [7] reported that the incidence of cooccurring dysarthria and aphasia was as high as 29.6%. However, few studies have reported on the clinical features and functional impact of co-occurring dysarthria and aphasia on post-stroke recovery. Thus, this study aims to elucidate the clinical characteristics and impact of co-occurring dysarthria and aphasia on the functional recovery of post-stroke patients.
MATERIALS AND METHODS

Subjects
The medical records of a total of 219 post-stroke patients transferred from the acute stroke center to the Department of Rehabilitation Medicine of Kangwon National University Hospital between December 2013 and July 2015 were retrospectively reviewed. Subjects were excluded if there was a pre-stroke history of language impairment (n=1); non-stroke neurological condition (n=32) such as traumatic brain injury, brain tumor, or neurodegenerative disease; or clinical status of medically unstable (n=2). Ultimately, 184 post-stroke patients were included in the primary screening language test (Fig. 1) . All patients participated in intensive rehabilitation programs.
Demographic data for the recruited post-stroke patients, including sex, age, stroke type and lesion, hemi- www.e-arm.org plegic side, post-onset duration, length of hospital stay, and discharge destination, were collected. A single radiologist classified the stroke lesion locations based on magnetic resonance imaging or computed tomography findings. The study protocol was approved by the Institutional Review Board of Kangwon National University Hospital.
Language and speech evaluations
All patients were primarily evaluated by a physician on the day of transfer for the presence of aphasia or dysarthria by using a modified screening test from the Korean version of the National Institutes of Health Stroke Scale (NIHSS), which asks the patient to describe the surrounding conditions, name suggested objects, and read or speak some words or sentences [8] .
A total of 75 patients with suspected aphasia and/or dysarthria after the primary screening test underwent the secondary definite language test-those who could not perform the secondary definite language test (n=33) or who showed normal language function (n=55) were excluded (Fig. 1) . These patients were evaluated by the validated Korean version of the Western Aphasia Battery (K-WAB) [9] and the Speech Mechanism Screening Test (SMST) [10] . A single trained speech-language pathologist performed the K-WAB and SMST for all of the screened post-stroke patients. Finally, secondarily evaluated patients were divided into four groups based on the definite language evaluation results for aphasia and dysarthria: group A, aphasia but no dysarthria; group D, dysarthria but no aphasia; group AD, dysarthria and aphasia; and group N, neither impairment. Patients with normal language function after the primary screening language test were added to group N (Fig. 1) .
Functional evaluations
The Korean version of the Modified Barthel Index (K-MBI) [11] , Functional Ambulation Category (FAC) [12] , Korean version of the Mini-Mental State Examination (MMSE-K) [13] , Motricity Index (MI) [14] , and European Quality of Life-5 Dimensions 3-Level version (EQ-5D-3L) [16, 17] were performed immediately after transfer to and just before discharge from the Department of Rehabilitation Medicine, and the results were retrieved from the medical records to assess the functional outcomes.
Statistical analysis
The statistical analysis was performed using SPSS for Windows ver. 21.0 (IBM, Armonk, NY, USA). The associations between age, sex, stroke type, hemiplegic side, brain lesion type, and discharge destination among the groups were compared using the χ 2 test, and between age and post-onset days by using a Mann-Whitney test. Initial NIHSS, MMSE-K score, EQ-5D-3L index, and MI among the four groups were compared using a one-way analysis of variance (ANOVA) test with least significant differences multiple comparison. The score changes of the K-MBI, FAC, EQ-5D-3L, and MMSE-K between admission and discharge among the four groups were analyzed using a one-way ANOVA. We used repeated measures of ANOVA with factor 'Group' (A, D, AD, and N groups) and 'Time' (initial versus discharge) as the repeated measure to compare the effects of 'Group' and 'Time' on functional outcome measures. Percent changes ([discharge score-initial score]/initial score×100) was calculated, and a multivariable linear regression analysis was performed with adjustment by age and initial NIHSS score. Values of p<0.05 were considered to be statistically significant.
RESULTS
Demographic characteristics of recruited post-stroke patients Table 1 shows the demographic and clinical characteristics of 130 post-stroke patients. Patients were classified into four groups according to language function: aphasia only (group A; n=9, 6.9%), dysarthria only (group D; n=12, 9.2%), aphasia and dysarthria (group AD; n=46, 35.4%), and neither (group N; n=63, 48.5%). A total of 51.5% of patients had at least one language impairment. Dysarthria and aphasia occurred in 44.6% (n=58) and 42.3% (n=55) of patients, respectively. Dysarthria and aphasia co-occurred in 35.4% (group AD, n=46) of patients. By stroke type, infarction was more common than hemorrhage in all groups. However, the proportion of infarction in group AD was significantly lower than that in groups A, D, and N (p<0.05, Mann-Whitney test). The difference in type of discharge among the groups was statistically significant (p<0.05, χ 2 test). The proportion of patients discharged to another institution in group AD (78.3%) was higher than that of home discharge and higher than those in groups A (55.6%) and N (50.8%) (p<0.05). Among
www.e-arm.org the groups, only group D showed a higher proportion of home discharge compared to discharge to another institution (58.3% vs. 41.7%, respectively) ( Table 1) . Table 2 shows the initial NIHSS as well as initial and discharge K-MBI, FAC, EQ-5D-3L, MMSE-K and MI scores. The initial NIHSS score (6.20±4.15) for group AD was higher than that for groups A (3.38±2.39; p<0.05) and N (3.22±3.34; p<0.001), which his reflective of the severity. The initial MBI score in group AD was the lowest among the four groups, but statistical significance was only seen between groups AD and N (34.17±26.13 vs. 58.54±23.47, respectively; p<0.001). Discharge MBI in group AD (52.33±29.99) was also the lowest among the four groups, and it was lower (statistically significant) than that for group A (74.11±20.99; p<0.05) and N (70.75±26.04; The discharge MMSE-K score in group AD was the lowest among the four groups, and it was statistically significant (p=0.002). The initial and discharge MI score of group AD was lower than those of groups A (p<0.05) and N (p<0.001). Moreover, the EQ-5D-3L index showed no significant differences ( Table 2) .
Comparison of initial and discharge NIHSS, MMSE-K, EQ-5 D-3 L, K-MBI, and MI scores by study group
Comparison of K-MBI, FAC, EQ-5 D-3 L, MMSE-K, and MI scores at the initial and discharge times
The repeated measures of ANOVA revealed significant 'Time' effects on all functional scales between the initial and discharge times (p<0.001). We detected a significant 'Group' effect on K-MBI (F=6.890, p<0.001) and FAC (F=6.533, p=0.001), as well as Time×Group interactions (K-MBI: F=3.638, p=0.015; FAC: F=2.187, p<0.001), showing statistical significance between group AD and group N based on an LSD multiple comparison (p<0.05). There are no group effects and Time×Group interaction in EQ-5D-3L. In addition, there were significant Group effects in MMSE-K (F=5.900, p=0.001) and MI (F=6.220, p=0.001) ( Table 3) .
Result of multivariable linear regression analysis to show the functional improvements regarding the initial severity and age
A multivariate linear regression analysis adjusted by the initial NIHSS score and age showed that the improvements in K-MBI was independent to the initial severity and age (p=0.015), while the percent changes of FAC, MMSE, EQ-5D-3L, and MI did not show statistical significance (Table 4) .
DISCUSSION
This study aimed to show the clinical characteristics and impact of co-occurring dysarthria and aphasia on post-stroke functional outcomes. Our findings indicate that the presence of co-occurring aphasia and dysarthria in post-stroke patients is related to poor neurological and functional status as well as poor functional recovery in post-stroke patients.
Ali et al. [7] respectively examined recovery and functional outcomes in post-stroke patients with aphasia or dysarthria and reported that persistent aphasia at 3 between group AD and group N based on one-way ANOVA test with LSD multiple comparison.
www.e-arm.org months was related to a poor modified Rankin Scale. However, patients classified in the aphasia or dysarthria groups may have a combination of dysarthria and aphasia in some cases, so the functional recovery of aphasia-/ dysarthria-only patients may differ from that of aphasia and dysarthria patients despite being classified into the same group. Thus, this study classified post-stroke language disturbance groups without overlap to show the impact of the co-occurrence of aphasia and dysarthria.
To date, post-stroke aphasia and dysarthria have only been regarded as independent parameters of functional status. Aphasia affects activities of daily living (ADLs) [18] and can result in a poor quality of life [19] . Akosile et al. [20] reported that stroke survivors with aphasia had had poor gait quality and physical functioning, as measured by the Stroke Impact Scale-16, than stroke survivors without aphasia. Post-stroke patients with dysarthria showed a much lower Barthel Index at 8 weeks post-stroke than predicted (6 vs. 15.5) [21] as well as poor quality of life related to self-esteem and limited social relationships [5] . However, there are few prior reports on whether there were differences in ambulation status or motor power between patients with and without language problems. Thus, this study investigated additional MI and FAC as functional outcome measures, and showed significantly better initial and discharge levels in group N compared to group AD (p<0.05 by LSD multiple comparison).
Post-stroke language impairments are more common in post-stroke patients with co-occurring aphasia and dysarthria than in those with aphasia or dysarthria only. Post-stroke patients with co-occurring dysarthria and aphasia have higher initial NIHSS scores and lower MMSE-K, EQ-5D-3L index, K-MBI, and MI scores, reflecting a more severe post-stroke status, poor cognitive function, poor quality of life, dependence for ADLs, and poor motor power and trunk control function [8, 11, [13] [14] [15] [16] [17] www.e-arm.org compared to post-stroke patients with aphasia only, poststroke patients with dysarthria only, and controls with normal language function. In addition, follow-up post-stroke recovery differed among the post-stroke language groups, reflecting the profound impact of co-occurring aphasia and dysarthria on post-stroke recovery. The rate of spontaneous poststroke neurological recovery is the highest during the first 3 months [22] , and the rate is affected by several confounders. In this regard, aphasia or dysarthria were associated with poor functional recovery, increased mortality, and depression [1, 7, 23] . Ali et al. [7] reported that aphasia at baseline and at 3 months as well as persistent dysarthria at 3 months were significantly associated with poorer modified Rankin Scale at 3 months. However, cooccurring aphasia and dysarthria at baseline and persistent impairment at 3 months were not associated with a poorer modified Rankin Scale score at 3 months.
In this study, co-occurring dysarthria and aphasia are observed to affect the recovery of ADLs, quality of life, cognitive function, motor power, and ambulation status. In addition, differences in improvements of functional outcomes significantly affected ADLs. Functional recovery in post-stroke patients can vary according to the presence of dysarthria and/or aphasia. The improvements in ADLs of patients were different for each group when the effects of the initial severity and patients' age were eliminated.
In our study, the improvement in ADLs of patients with co-occurring dysarthria and aphasia was relatively higher than those of patients in other groups. For group AD, the initial functional status was poor and the K-MBI score at discharge was lower than that for the other groups, and this was considered to be a result of the potential wide range of improvement in patients with co-occurring dysarthria and aphasia.
Our study has some limitations. First, some of the groups were too small to show sufficient statistical power. There were 9 and 12 patients in group A and D each. Second, the study design, consisted of a retrospective chart review and may include selection bias. Additionally, all subjects were discharged from the department of rehabilitation medicine. Finally, patients with rehabilitation needs who were admitted to the inpatient rehabilitation unit were included here. However, some other patients with mild dysarthria and aphasia may have been treated on an outpatient basis only. Further studies to compensate for these limitations may be needed.
In conclusion, post-stroke patients with co-occurring aphasia and dysarthria had a more severe stroke, poorer cognitive function, worse quality of life, required more support to perform ADLs, and had reduced motor power, while showing greater potential range of functional improvements, especially in ADLs. If post-stroke patients present aphasia and dysarthria at the initial language assessment, the rehabilitation plan should include an additional strategy to improve communication skills. The identification and characterization of language and speech problems in post-stroke patients provides valuable prognostic information and aids in planning adequate rehabilitation programs.
